Listeriosis patient isolates in Germany have shown a new identical pulsed-field gel electrophoresis (PFGE) pattern since 2012 (n = 66). Almost all isolates (Listeria monocytogenes serotype 1/2a) belonged to cases living in southern Germany, indicating an outbreak with a so far unknown source. Case numbers in 2015 are high (n = 28). No outbreak cases outside Germany have been reported. Next generation sequencing revealed the unique cluster type CT1248 and confirmed the outbreak. Investigations into the source are ongoing.
Since November 2012, a previously not observed pulsed-field gel electrophoresis (PFGE) pattern in human isolates of invasive L. monocytogenes serotype 1/2a has been detected in Germany with increasing frequency. Altogether 66 outbreak cases have been recorded, with 28 cases in 2015. Four cases were pregnancy-associated and six cases died in the course of the disease. Here we provide details of the ongoing outbreak.
Outbreak description
Since 2009, all German Listeria isolates submitted to the National Reference Centre (NRC) for Salmonella and other bacterial enterics at the Robert-Koch Institute (RKI) or to the Austrian-German binational reference laboratory (KL) for Listeria at the Austrian Agency for Health and Food Safety (AGES), have been tested with PFGE for clonal relationship. Submission of isolates is encouraged by public health authorities but is voluntary without legal obligation. Between November 2012 and November 2015, altogether 793 isolates from notified listeriosis cases were typed, which accounted for 45% of all cases in that period (n = 1,765). In southern Germany, this proportion was higher (ca 60%) and since 2012, human isolates of L. monocytogenes serotype 1/2a with the NRC internal nomenclature of the AscI/ApaI pattern 13a/54 have been observed.
By 30 November 2015, the typing centres had received a total of 69 isolates with the 13a/54 PFGE pattern. Multilocus sequence typing (MLST) revealed sequence type 8 (www.pasteur.fr/mlst). After exclusion of three isolates (see below), next generation sequencing (NGS) was applied to 38 of 66 isolates using a published core genome MLST (cgMLST) [1] . All 38 patient isolates could be allocated to one cluster type (CT1248) (Figure 1 ).
We used the following case definition in our investigation: Possible outbreak cases were patients with the clinical picture of acute invasive listeriosis with onset since November 2012 with isolation of Listeria from normally sterile body fluids and detection of the characteristic PFGE pattern 13a/54. Confirmed cases were patients meeting the above criteria with isolates assigned to cluster CT1248 in NGS.
According to the Protection Against Infection Act of 2001, laboratory confirmation of Listeria from a normally sterile site is notifiable to local health departments which transmit information to RKI. Of the 69 isolates with the 13a/54 PFGE pattern, 66 could be assigned to surveillance cases reported in the mandatory notification system; of those, 38 were confirmed by NGS. Figure 2 illustrates the outbreak cases by month. There was a first peak in the second half of 2013, but most cases have occurred since June 2014 (compared with a total of 609 invasive listeriosis cases in Germany in 2014). In 2015, this has so far been the most frequently occurring PFGE pattern among all Listeria isolates in molecular surveillance.
The geographical distribution was largely confined to the states of Baden-Wuerttemberg, Bavaria and Hesse, although PFGE typing is also frequently applied for isolates from the north of Germany (Figure 3 ). Only one case each was reported from Rhineland-Palatinate and Lower Saxony.
Four of the 66 cases were pregnancy-associated. Among 62 not pregnancy-associated outbreak patients 32 were men. The outbreak affected 38 senior citizens (≥ 70 years), 23 younger adults (18-69 years) and one two-year-old child. They did not differ from other listeriosis surveillance cases not related to the outbreak (n = 1,699) with respect to age (p = 0.628) and sex (p = 0.433). Of the 62 cases, 44 suffered from fever ≥ 38.5 °C, 16 had meningitis, 16 had septicaemia and for 15, other listeriosis-related symptoms were reported. Six (not pregnancy-associated) cases died; three of the deaths were confirmed to be due to listeriosis as the major cause.
This outbreak was communicated via the European Epidemic Intelligence Information System (EPIS) platform on 17 July 2015 and updated on 5 November 2015.
None of the other participating countries reported cases with the outbreak PFGE pattern or NGS cluster types.
Investigation into the source of infection
Initial screening of food-related Listeria isolates in the strain collection of RKI and AGES found a total of six isolates (five from Austria and one from Germany) which had indistinguishable PFGE patterns but belonged to different NGS cluster types (Figure 1 ). Food consumption histories have been collected from a subset of cases via exploratory interviews by the health authorities since 2013. Furthermore, information on food consumption habits are recorded via collection of patients' grocery receipts [2] . Many patients can have difficulties recalling food consumption because of their age and their disease. Photo documentation of food items regularly purchased by some patients is used for visual support during interviews with other patients. Epidemiological studies were conducted in cooperation with regional and local health departments, considering incubation periods published by Goulet et al. [3] .
Regarding the source of the causative food vehicle, the results showed a heterogeneous picture. Until now we have not observed cases with an epidemiological link to an institution (e.g. hospital infection). Preliminary results largely exclude fish and cheese products as a possible source but this has to be complemented by systematic screening of Listeria isolates collected from food. Based on sequencing results, a PCR protocol aiming to detect CT1248 was developed for screening of isolates and published on the KL website [4] .
Background
L. monocytogenes, the causative agent of listeriosis is mostly caused by the consumption of contaminated food. The majority of infections are mild if they occur in younger, immunocompetent individuals except pregnant women. Infection during pregnancy can lead to miscarriage, stillbirth and serious health problems for the newborn. Invasive listeriosis can cause severe septicaemia, meningoencephalitis and a wide variety of focal infections. It is usually limited to the elderly and those with compromised immune systems or severe underlying medical conditions. Because of the severity of certain clinical manifestations (infections of the central nervous system, septicaemia and abortion), the high case-fatality rate of up to 30% and the long incubation time, human listeriosis is of major public health concern. A recent nationwide case-control study in Germany among sporadic disease cases detected cold cooked sausages, packaged cheese and pre-sliced cheese as risk foods [5] . Medical conditions associated with listeriosis are immunosuppressive therapy, immunocompromising disease and gastric acid suppression [5] .
Public health assessment
When considering confirmed as well as possible cases, this is the largest outbreak of listeriosis described in Germany to date [6] . Considering underascertainment, under-reporting and the considerable proportion of isolates that are not typed, the size of the visible outbreak of invasive listeriosis is certainly underestimated. Furthermore, mild and non-invasive gastrointestinal cases, which can make up a significant proportion of disease cases, are not under surveillance in Germany. Until now, the cluster type CT1248 is confined to this outbreak and investigation via EPIS did not generate feedback on isolates with a related sequence in participating countries. Listeriosis cases have become more frequent over the past years in Germany [7] and elsewhere in Europe [8] . Investigations of listeriosis outbreaks are difficult due to the multitude of possible food vehicles including a broad range of ready-to-eat foods.
PFGE is suitable for screening but cannot confirm outbreak isolates, whereas NGS appears highly discriminatory and superior for the allocation of cases to the outbreak. The geographical limitation to southern Germany and the size of the outbreak area with a population of 27 million inhabitants suggest Listeriacontaminated food in a supra-regional supermarket grocery chain as the vehicle of infection. Although the number of new cases has decreased since August 2015, new outbreak cases are still being reported. We must therefore assume that the source of infection is still active and further cases are possible. Further epidemiological studies, laboratory investigations and trace-back of food items are needed and ongoing to narrow down the source of infection.
Diagnostic laboratories are requested to send any Listeria isolates to one of the typing centres. The use of NGS is desirable as routine for all Listeria isolates collected for typing.
